Background: Recommendations for daily dietary vegetable intake were increased in the 2005 USDA Dietary Guidelines as consumption of a diet rich in vegetables has been associated with lower risk of certain chronic health disorders including cardiovascular disease. However, vegetable consumption in the United States has declined over the past decade; consequently, the gap between dietary recommendations and vegetable intake is widening. The primary aim of this study is to determine if drinking vegetable juice is a practical way to help meet daily dietary recommendations for vegetable intake consistent with the 2005 Dietary Guidelines and the Dietary Approaches to Stop Hypertension (DASH) diet. The secondary aim is to assess the effect of a vegetable juice on measures of cardiovascular health.
study, which focuses on vegetable consumption, the Dietary Guidelines suggest that 2½ cups of vegetables per day are recommended for a reference 2,000-calorie intake [6] .
Despite numerous intensive public educational campaigns, surveys examining trends in vegetable consumption from 1988 to 2002 show that 7 out of 10 Americans consume less than the USDA recommended servings of vegetables each day and suggests that 25 percent of respondents had no daily vegetable intake at all [7] . There are multiple reasons for low vegetable intake in the United States, including perceived high costs [8] , lack of awareness of the benefits of vegetable consumption [9] [10] [11] , low availability of fresh products in certain areas [12] , taste concerns [13] , and limited food preparation time and skills [14] . A consequence of low vegetable consumption can be a low intake of essential nutrients that are key factors for vascular health such as potassium and vitamin C, as well as decreased sources of phytochemicals, such as flavonoids and carotenoids, which have a number of putative positive vascular health benefits [15, 16] . Given these factors, there is a need to develop new strategies that can close the gap between what is recommended for vegetable intake, versus what is actually occurring in the general population. Logically the solutions that are advanced for closing the gap between intake and recommendations should be convenient, calorie appropriate, cost effective, and supported by sound science [17] .
The Dietary Approach to Stop Hypertension (DASH) diet was originally designed for those with cardiovascular risk factors, such as hypertension [18, 19] , but it was subsequently recommended as one of two healthy eating patterns for the general U.S. population in the 2005 Dietary Guidelines [6] . Adherence to the DASH diet has been shown to be associated with improved vascular health in a number of trials [9, 20, 21] .
The primary objective of the current study was to determine if the incorporation of a vegetable juice is a practical way for individuals to help meet dietary recommendations for daily vegetable intake as described by the 2005 Dietary Guidelines and the DASH diet. Other goals were to obtain preliminary evidence about the impact of vegetable juice consumption on cardiovascular health by measuring blood pressure, lipid profiles and other related parameters.
Methods

Study Population
Adult men and women (age 40-65 years) were recruited from the University of California, Davis, campus and surrounding Sacramento, Solano and Yolo counties using newspaper advertisements. One hundred and sixty two individuals were screened at the Ragle Human Nutrition Research Center for the study, of which 90 (66 women and 24 men) were enrolled into the study. The ethnicities of those enrolled were representative of the recruitment area and included: 63% Caucasian, 9% Asian, 10% Hispanic, 5% other, and 13% not reported. Exclusion criteria were: use of medications that affect blood clotting and vascular reactivity such as antidepressants, anti-anxiety medications, and aspirin, blood pressure ≥ 140 mm Hg systolic or ≥ 90 diastolic, BMI < 18 or ≥ 35 kg/m 2 , uncontrolled diabetes or hypertension, history of heart disease, and a Beck Depression Inventory® (BDI) depression scale score of 21 or above (Pearson Education, Inc., San Antonio, Texas). With the exception of basic multivitamin/mineral supplements, subjects were instructed to refrain from using dietary supplements, including herbs and omega-3 fatty acids during the study period. Participants were instructed to refrain from using nonsteroidal and anti-inflammatory medication for the week prior to a clinic visit. All subjects provided written informed consent at the time of screening, and the Institutional Review Board at the University of California, Davis, approved this study.
Design
Eligible subjects were randomized in a three-arm parallel design to drink 8 fluid ounces (1 cup) or 16 fluid ounces (2 cups) of vegetable juice or no juice for a 12-week period. Visits were at baseline (week 0), week 6 and week 12 of the study. Subjects were instructed to follow a low carotenoid diet for the week prior to study day 1 so that all subjects started with the same approximate baseline carotenoid level [22] and a low flavonoid diet 24 hours prior to each visit. During the low flavonoid diet, subjects continued to consume their vegetable juice. Previous studies have shown that these dietary phytochemicals can have an impact on vascular function [23] [24] [25] . Three day diet records were collected during the low carotenoid diet period to assess adherence to the diet restriction.
All participants were asked to follow the DASH diet plan which emphasizes vegetables, fruits, whole grains, lean meats and low fat or fat free milk [6] . It is rich in magnesium, potassium, calcium and fiber. In line with the USDA Food Guide, the DASH diet defines a serving of vegetables as one cup of raw leafy vegetables or half a cup of vegetable juice, cooked vegetables or raw vegetables [26, 27] . In this paper, we report vegetable intake as DASH servings. The DASH diet training emphasized inclusion of vegetables, and specifically did not instruct subjects to consume vegetable juice in place of mealtime vegetable servings. On the first study day all subjects were counseled about the diet in small groups. The curriculum for the study was based on six objectives and during the session participants were expected to:
1. Identify the key aspects of the DASH eating plan. 2. Calculate the appropriate number of servings for each food group according to a personal calorie goal. 3. Describe ways of measuring appropriate serving sizes of foods. 4. Develop realistic personal goals and meal plans. 5. Discuss tips to make healthy eating easier. 6. Demonstrate how to use a checklist to track their individual progress towards meeting the DASH goals.
For each objective, appropriate handouts were provided and filled out during the instruction period and participants were given the material to take home.
Participants randomly assigned to the vegetable juice groups were supplied with vegetable juice to last for the 6 weeks between visits. The juice was packaged in 46-fluid ounces bottles with a plain black and white label. The same lot was used for all subjects for the 12-week study period. A clear plastic glass with an 8 fluid ounce marker was provided for ease of juice measurement. Eight fluid ounces of the vegetable juice (V8®; Campbell Soup Company, Camden NJ) provided 50 calories, 0 g of total fat and cholesterol, 480 mg of sodium, 470 mg of potassium, 2 g of protein, 20 mg lycopene, and 10 g of total carbohydrate of which 2 g were dietary fiber, and 8 g of sugars. The juice provided 40% of the Daily Value of Vitamin A from naturally occurring beta-carotene in the vegetables (1000 IUs = 300 micrograms RAEs (Retinol Activity Equivalents)), 120% of Vitamin C, and 4% of calcium and iron.
Data Collection and Measures
Baseline self-reported demographic and dietary characteristics were collected at the start of the study. At weeks 6 and 12, subjects who consumed the juice turned in self-reported questionnaires to indicate their daily consumption of the vegetable juice.
Three-day food records were collected from 2 weekdays and 1 weekend day before study visits at baseline (during the carotenoid washout period), week 6 and week 12. Baseline vegetable intake was not used for statistical analyses; instead the data provided information on low carotenoid diet adherence. The food records were reviewed by a registered dietitian and were entered in duplicate into a database and analyzed with Food Processor software (Version 10.2.0, ESHA research, Inc., Salem, OR). Vegetable servings were quantified according to the DASH diet recommendations. One DASH diet serving of vegetables corresponds to 0.5 cups of MyPyramid vegetables [26] or 4 fluid ounces of vegetable juice [27] .
Clinical measurements included blood pressure, weight, height, and waist circumference. Blood pressure measurements were the average of 2 measurements and were taken using an automated system (Vital Signs 300, Welch Allyn Protocol Inc., Beaverton, OR) after the subject was seated for 5 minutes. Mean arterial pressure (MAP), or average arterial pressure during a single cardiac cycle, was calculated using the formula: MAP = [((systolic -diastolic)/3) + diastolic]. Normal MAP range is 70-110. For weight and height measurements, subjects were fully dressed, with the exception that their shoes were removed. Height was recorded on their first visit only using a wall-mounted stadiometer (Ayrton S-100, Prior Lake, MN). Weight was recorded every visit using an electronic scale (Scale-tronix Inc., White Plains. NY). At the baseline visit and at week 12, 24-hour urine samples were collected. The 24-hour urine collection period started immediately after consumption of the assigned vegetable juice treatment and ended 24 hours later. Urine was stored during the 24 hours in insulated bags with ice packs. At baseline, week 6 and 12, blood samples were drawn for comprehensive metabolic panel (chemistry, liver, fasting blood glucose), high sensitivity C-reactive protein, and lipid panel. High sensitivity Creactive protein, lipid and comprehensive metabolic panels and 24-hour urine analysis were performed by the Clinical Pathology Laboratory of the University of California, Davis Medical Center.
Given previous reports on the potential effects of vegetable intakes on the antioxidant status of subjects [28, 29] , we measured plasma thiobarbituric acid reactive substances (TBARS) as a marker for oxidative stress; TBARS were determined as previously described [30] .
Statistical Analyses
Data were analyzed for the 86 subjects who completed the 12-week study. The vegetable intake data are for the 80 subjects who completed their diet records at both 6 and 12 weeks. For continuous variables, analysis of variance (ANOVA) and Fisher's PLSD (Statview 5.0.1, SAS Institute Inc., Carey, NC) were employed using 3 groups (0, 8 and 16 fluid ounces of vegetable juice daily) or 2 groups (daily vegetable juice consumption or no vegetable juice consumption). Analysis for categorical variables was conducted using the Chi square test to compare the two exposures (vegetable juice or not). Blood pressure data were analyzed using repeated measures ANOVA with Tukey's post hoc for multiple comparisons or Friedman's repeated measures ANOVA where appropriate (Sigma Stat 3.5, Systat Software Inc, San Jose, CA). Subjects were stratified into normal and pre-hypertensive groups (diastolic blood pressure > 80 mm Hg and/ or systolic blood pressure > 120 mmHg) and subjects consuming 8 or 16 fluid ounces of vegetable juice were grouped together to increase statistical power. For all statistical analyses, a p-value < 0.05 was considered statistically significant. Data are presented as mean ± standard deviation.
Results
A total of 90 subjects were enrolled and randomized to one of three treatment groups. Thirty subjects were assigned to drink 8 fluid ounces of the vegetable juice, 30 subjects were assigned to drink 16 fluid ounces of the vegetable juice, and 30 subjects received no vegetable juice. Of the 90 enrolled, 86 subjects completed the 12-week study. The four subjects who did not complete the study were all within the vegetable juice treatment groups. Two subjects withdrew from the study due to the development of a mild rash, and one subject withdrew due to mild heartburn that they associated with the consumption of the juice. The data for one subject was excluded due to non-compliance ( Figure 1 ). A total of 48 out of 53 participants, who completed beverage consumption logs, indicated that they consistently consumed the juice (≥ 6 days per week of juice consumption), representing a high level of adherence to the protocol. Dietary intake data from six subjects were not analyzed because they had incomplete food records. A total of 80 subjects were included in the analysis of dietary data (n = 27, 26, 27 respectively for 0, 8, and 16 fluid ounces).
Apart from systolic blood pressure and insulin levels, no significant differences in baseline characteristics were observed among the randomized groups. As a matter of chance, baseline systolic blood pressure was significantly higher in subjects randomly assigned to the 8 fluid ounces group than in the other groups. Baseline insulin levels were significantly higher in subjects who were in the 16 fluid ounces group (Table 1) . A demographic characteristic of note is the education level of participants; all had completed high school or higher education. Seventy-three percent were college graduates and, of these, 62% had master's, doctoral, or law degrees.
Despite being counseled on the DASH diet and being encouraged to increase their consumption of vegetables, apart from vegetable juice consumption, the majority of people enrolled in the study had a vegetable intake that was lower than public health recommendations, of at least 4 daily servings, or 2 cups, of vegetables ( Figure 2 ). Average vegetable intake for all groups, without counting vegetable juice, was 2.6 servings per day after 6 weeks and 2.3 servings per day after 12 weeks. There were no significant differences among groups in dietary vegetable intake at 6 or 12 weeks (apart from vegetable juice consumption). These intakes are well short of DASH recommendations of 4-6 servings/day for the subjects' calorie requirements of between 1600-3000 calories per day. Adding 8 fluid ounces (2 DASH diet servings of vegetables) of vegetable juice to the diet increased the average daily vegetable servings to 4.3 after both 6 and 12 weeks. The addition of 16 fluid ounces (4 DASH diet servings) of vegetable juice to the diet resulted in an average daily vegetable consumption that met the minimum recommendation for vegetable intake (6.5 and 6.4 servings per day at weeks 6 and 12, respectively). These results were in marked contrast compared to individuals who received only DASH education. Their vegetable intake averaged 3 servings per day at week 6, and 2.1 servings per day at week 12. Apart from vegetable juice consumption, only 7.7% of subjects in the 8 fluid ounces and 18.5% in the 16 fluid ounces group met daily vegetable intake recommendations at week 6. At week 12, 19.2% in the 8 fluid ounces group and 11.1% in the 16 fluid ounces group met the recommendations. In contrast, when vegetable juice was incorporated into the diet, 50% of participants in the 8 fluid ounces group and 100% of those consuming 16 fluid ounces of vegetable juice achieved daily vegetable recommendations at 6 weeks. At week 12, 53.8% in the 8 fluid ounces group and 100% of those in the 16 fluid ounces group met recommendations. For those in the control group, who received only DASH diet instruction and consumed no vegetable juice, 22.2% at 6 weeks and 7.4% at 12 weeks achieved daily vegetable intake recommendations.
The addition of the vegetable juice added vegetable servings to the diet and significantly increased dietary potassium and sodium intake at 6 and 12 weeks in those consuming 16 fluid ounces daily (Table 2) . These additions coincided with corresponding increases in the concentrations of urinary sodium and potassium excreted by those consuming the juice (Table 3) . Consuming vegetable juice resulted in a dose response increase in dietary vitamin C at 6 and 12 weeks among groups (Table 2 ) and those consuming 16 fluid ounces of vegetable juice had higher dietary vitamin A than the control group at 12 weeks. This increase in vitamin A came in the form of β-carotene present in the juice. There were no changes in nutrient composition in the reported dietary intakes in any group between 6 and 12 weeks (Table 2) .
There were no significant differences in systolic or diastolic blood pressure within groups or among all treatment groups, when all subjects were included, over the 12-week period. However, significant differences in blood pressure were observed in a subset of individuals who drank the juice. Figure 3 compares those individuals who drank the juice for 12 weeks (8 and 16 fluid ounces data combined), and had blood pressures at the start of the study over 120 mm Hg systolic or 80 diastolic (panels A, C, E) with those who had normal blood pressure (panels B, D, F). Those who began the study with normal blood pressures had no significant change in blood pressure throughout the study. In those subjects who started the study with blood pressure in the pre-hypertensive range, a significant within group decrease in all blood pressure parameters was observed after 12 weeks of juice consumption. Systolic blood pressure significantly decreased after 12 weeks of juice consumption (128.1 ± 8.0 at baseline vs. 123.4 ± 9.5 at week 12; Figure 3A ; p < 0.05). After 12 weeks of vegetable juice consumption, diastolic blood pressure was significantly reduced from baseline and 6 weeks (82.6 ± 5.6 at baseline and 81.8 ± 5.2 at week 6 compared to 79.0 ± 4.5 at week 12; Figure 3C ; p < 0.05). Similarly, mean arterial pressure was significantly reduced after 12 weeks of juice intake from both baseline and at 6 weeks (97.8 ± 5.3 at baseline, 96.8 ± 5.7 at week 6, and 93.8 ± 5.4 at week 12; Figure 3E ; p < 0.05).
There were no significant differences within groups over the 12 week intervention, or among groups, in Figure 1 
BMI, waist circumference, plasma insulin, measures from the comprehensive metabolic panel (chemistry, fasting blood glucose, and liver panel), lipids, high sensitivity C-reactive protein or plasma TBARS (data not reported).
Discussion
Relative to current public health recommendations, the majority of Americans consume inadequate amounts of vegetables (minimum of 4 servings) in their diet [7, 31, 32] . Consistent with this report, our subjects' average daily intake of vegetables did not meet recommendations (for either DASH or 2005 Dietary Guidelines) at any time during this study despite DASH diet education. Importantly, the dietary intake of vegetables apart from the juice was similar among the three groups. However, the incorporation of the vegetable juice significantly increased the total daily intake of vegetables to an average of 4.3 and 6.5 servings of vegetables in the 8 and 16 fluid ounce groups, respectively. The DASH diet instruction emphasized inclusion of vegetables, and did not instruct subjects to consume vegetable juice in place of mealtime vegetable servings. These results support the concept that the daily consumption of a vegetable juice is a feasible way for an individual to help meet their dietary recommendation for vegetable intake. During the study we obtained information from participants related to their perceptions on including vegetable juice into their diets. The majority of those drinking the juice selfreported that they enjoyed the taste, felt they were doing something good by drinking it, were satisfied they had a diet that provided the right vitamins and minerals, and were satisfied with the ease of getting vegetables in their diet.
The data from the current study were obtained from a population of healthy, well-educated adults in California. Similar to what is found in various sectors of the U.S. population [33] [34] [35] , the majority of people enrolled into this study did not consume the recommended daily servings of vegetables. Indeed, reported intakes at the 12-week point in the control group were lower than those reported in these previous national surveys. In a study of African American men, Wolf et al. found that they were not aware of, nor meeting, dietary recommendations due to a lack of knowledge and perceived barriers [35] . Similarly, McGee et al. [14] found that individuals in the lower Mississippi delta felt that they lacked knowledge and skills to prepare meals with healthful food choices. However, our subject population was provided with education on developing meals plans and tips for making healthy eating easier. This dietary education, coupled with the high education level of the individuals enrolled in the current study, should have resulted in their meeting DASH recommendations. Based on our data, we suggest that behavior change for an extended time period, even for highly educated individuals, is difficult. Studies suggest that beneficial changes in behavior for even motivated individuals require intensive, extended behavioral counseling, relapse prevention training, incentives, self efficacy and social support [36, 37] . Results from a meta analysis conducted to evaluate the overall effectiveness of behavioral interventions to promote dietary change in fruit and vegetable intake were not conclusive [38] . Our results confirm that dietary training alone is not enough to elicit change; this finding underscores the need for new modalities to encourage beneficial dietary modification. Guenther et al. [31] and Casagrande et al. [7] emphasize the need for broadening interventions beyond increasing individual awareness of the value of vegetables and education toward altering eating behavior. While several studies have shown successful improvements in vegetable consumption through various dietary behavior change programs [37, 39] , others have not reported these benefits [40, 41] . More effective intervention possibilities may include increasing access to vegetables [42] . The need for lower calorie, nutrient dense, convenient [12] , inexpensive [43] methods to increase vegetable consumption are important for future public health campaigns. Our data suggests that vegetable juice may serve as a portable and convenient method to aid individuals in meeting dietary vegetable recommendations.
Although vegetable consumption was enhanced in those consuming juice, no significant changes were observed over the 12-week test period for any of the measured vascular health parameters listed in Table 1 . The vegetable juice in the study provided a one to one ratio of sodium to potassium and thus it is important to note that blood pressure measurements did not change in any of the groups over the 12 week period. The group blood pressure results obtained in the current study are consistent with previous reports that show total dietary mineral intake is a consideration relative to blood pressure [44] [45] [46] . To further probe this issue, we analyzed the data from the subset of individuals whose initial blood pressures were over 120/80 mm Hg (prehypertensive but less than hypertensive range). In the vegetable juice group, this subgroup showed a significant decrease in blood pressure over the 12 week intervention period (the number of pre-hypertensive subjects in the no vegetable juice group was too low (N = 7) to allow for meaningful statistical comparisons for this specific subgroup). While preliminary in nature, our finding that the consumption of the vegetable juice was associated with a reduction in blood pressure in pre-hypertensive subjects is consistent with the putative positive vascular health effects of diets rich in vegetables, which are good sources of dietary potassium. This differential blood pressure response between normotensive and prehypertensive individuals has been seen in other intervention studies [47, 48] .
Svendsen et al. [49] reported improvements in blood pressure following an intervention promoting very high levels of vegetable and fruit intake. Those improvements were seen in a more compromised population exhibiting a higher baseline body mass index and included some individuals with cardiovascular risk factors such as hypertension and diabetes mellitus, smokers, and those with a prior cardiovascular event [49] .
In several papers, the concept has been raised that vegetables or their respective extracts can result in an improvement in the oxidant defense system, with a consequential reduction in tissue oxidative damage [50] [51] [52] . While the measurements are controversial [53] , numerous investigators have used plasma TBARS as a general indicator for oxidative damage [54, 55] . For the above reason, this measurement was included in the current study. However, consistent with our expectation, the consumption of the vegetable juice product did not result in significant changes in this parameter. We think it is important to note, however, that the above finding does not rule out the possibility that the vegetable juice intervention could have improved select parameters of the oxidative defense system. For example, it is possible that phytochemicals present in vegetable juice could reduce the extent of the oxidation of select targets, such as low density lipoproteins (LDL) [22] and deoxyribonucleic acid (DNA) [56, 57] . However, it is likely that these phytochemicals are acting, in part, through mechanisms that are independent of the direct antioxidant properties of the phytochemicals. For example, it has been suggested that certain phytochemicals can inhibit enzymes that produce reactive oxygen and nitrogen species [58, 59] . Additional research similar to that conducted by Valtueña et al. [60] , correlating the intake of adequate vegetables, containing dietary antioxidants, to functional antioxidant and oxidative stress parameters is needed.
An important consideration for our study is that the subject selection does not reflect the general population because it was a fairly homogenous, highly educated, Caucasian, healthy population with very high adherence and willingness to volunteer for a study that included drinking vegetable juice. The current findings need to be replicated in a larger, more diverse population group, and ideally it needs to be conducted over a longer period of time.
Conclusion
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